Physical factor for chitinase production by Trichoderma virens was first carried out using screening factor of 2-level factorial. The design was employed by selecting incubation time, temperature, moisture substrate, pH, inoculums size and concentration ammonium sulphate as a model factor. The result of 2-level factorial design experiment showed thal all three independent variables have significant effect on chitinase production. The physical factor was further optimized using Central Composite Design in which response surface was generated later from the derived model. An experimental design of three variables including various incubation time, temperature and moisture substrate were created using Design Expert® Software, Version 6.0.4. The design consists of 20 experiments, which include 6 replicates at center points. The optimal value for each variable is incubation time sixth days, temperature 27.83 0 C and moisture substrate 54% with predicted chitinase activity of 0.48738 U/g of dry substrate. These predicted parameters were tested in the laboratory and the final chitinase activity obtained was 0.48864 U/g of dry substrate, which is similar to the predicted value. The obtained value of the chitinase production was 0.48738 U/g IDS, which was 1.2-fold higher than that of the 2-level factorial design (0.261 U/gds).
An alternative and more approach is the use of statistical method, response surface methodology (RSM). Response Surface Methodology (RSM), a collection of mathematical and statistical techniques for building empirical models, is gaining importance for optimizing conditions for the production of industrially important products such as chemicals and enzymes [2] . RSM approach for analyzing the effect of multiple variables or factors, alone or in combination, on the process and generates a mathematical model that accurately describes the overall process [5] . RSM can be used to optimized the production of chitinases in the shrimp waste substrate.
A central composite design (CCD) was employed in this study for optimization process of chitinase production. CCD would develop a mathematical correlation model between the significant variables for chitinase production from T. virens [19] . CCD a well-established, widely used statistical technique for determining the influence of key factors by a small number of experiments [13] . This design has unique star or axial points (α), which means that the star points are of equal distance and radially distributed making the design rotatable or orthogonality, in order to fit the quadratic polynomials [18] .
CCD has been succesfully applied to the optimization of medium components, an environmental factor for chitinase production [19] , optimization of textile dye degradation by wet air oxidation [3] , optimization of enzymatic hydrolysis conditions of steam-exploded corn stover [4] and analytical chemistry [1] .
Preliminary studies have been carried out by looking at environmental factors that influence chitinase enzyme production using 2 factorial design factors (2LFD). The results of the study continued to optimize the production of chitinase using Central Composite Design (CCD) using factors that significantly affect chitinase production [11] .
The purpose of the present work was to attempt to optimize all the physical parameters with statistical optimization strategy to increase the chitinase activity by Trichoderma virens under SSF conditions.
Research Method

Materials
Shrimp waste was kindly provided by the market local of Makassar, Indonesia. It contained 39,74% protein, 23.08% chitin, 5.04% fat and 21.13% ash on a dry weight basis [15] . This material was dried in microwave for ten minutes until the weight constant and moisture content (10%). Milled and stored in a dry place at room temperature. It was used as solid substrate for SSF without demineralization or deproteinization.
Culture Condition
T. virens was maintained on PDA. The spores were harvested from 7 days. Spores were suspended in 10 ml of 1.0% (v/v) Tween 80 aseptically. Spore suspension was then centrifuged at 4,000 rpm for 30 min. The pellets formed were once again suspended in distilled water in order to prepare spore count suspension with 1 x 10 6 spores/ml as an inoculums.
Colloidal Chitin Preparation
Chitin flakes from commercial crab chitin (Fluka) were used in the experiments. Twenty grams of commercial crab chitin were added to 200 ml of concentrated hydrochloric acid, strirred with a glass rod at 40 0 C for 5 min. Excess amount of distilled water was added and the gelatinous white material formed was washed with tap water until the filtrate pH reading falls between pH 6.5-7.0. The drained retentive is the colloidal chitin, which yields a soft pasty consistency with 98% moisture and stored at 4 0 C until further use [10] .
Production of Chitinase in SSF
Five grams of dry shrimp shell contained in a 250 ml Erlenmeyer flask and was supplemented with basal medium containing 0.17% (NH4)2 SO4, 0.025% MgSO4.7H2O, 0.028% KH2PO4, 0.007% CaCl2.2H2O. The initial pH substrate was adjusted 5.5. The thoroughly mixed substrate was autoclaved for 20 min at 121 0 C and cooled to room temperature before inoculation.
Under aseptic conditions, the sterilized solid substrates medium was inoculated with 10% (v/v) of 1 x 10 6 spores/ml. Spore suspension was transferred into solid substrate medium, mixed thoroughly and the flasks were placed in an incubator at desired temperature and for desired time interval according to experimental design. All the sets were prepared in duplicate. Withdrawn samples were centrifuged at 4,000 rpm for 20 min. The supernatant was used for chitinase assay and protein analysis [10] .
Chitinase Assay
Chitinase activity was determined using 1.0% (w/v) colloidal chitin as a substrate. One milliliter of supernatant was mixed with 1.0 ml of 1.0% (w/v) colloidal chitin in 1.5 M citrate phosphate buffer, pH 5.0. The mixture was incubated at 50 0 C for 1 h. the final product of reaction was determined using DNS method. One unit (U) of chitinase activity is defined as the amount of enzyme that is required to released of 1 µmol of N-acetyl-D-glucosamine per min under assay conditions.
Experimental Design
In this study, the levels of significant factors affecting chitinase production identified from 2-level factorial design were further optimized by using response surface methodology statistical design approach [11] . This part of research is to find the optimized condition to increase chitinase production. Design Expert Software version 6.0 was employed to study the effect of incubation time, temperature and moisture substrate during shrimp waste fermentation on optimization of chitinase by T.virens in solid state fermentation. Suitable range of each variable for the experiments was chosen by screening process.
Optimization of chitinase production by CCD using shrimp waste as a substrate was conducted by response surface methodology method. Three variables that had significant effect on chitinase production were determined using 2LFD, which were incubation time, temperature and moisture substrate. Experimental design was carried out using Design Expert ® Software Version 6.0.4. It was found that three variables have significant effect on the chitinase production from T.virens in SSF, namely incubation time (A), temperature (B) and moisture substrate (C). Therefore, these three variables were studied in CCD in order to find the optimum conditions that can produce maximum amount of chitinase activity in SSF process. The coded levels (-2, -1, 0, 1, 2) are given in Table 1 . In this study, a full composite design was selected with 14 star points and 6 replicates at center point, leading to a total of 20 experiments. The data obtained was fitted to a second-order polynomial equation as below
Where Y = predicted response for chitinase production, β0 = constant, βi = linear effect, βii = quadratic effect, βij = interaction effect, X = coded levels of the independent variables. The design matrix for this experiment is as presented in Table 2 . The significance of both and quadratic effects of three variables was evaluated by variance analysis (ANOVA). The three dimensional response surface were then plotted to find the effect of the independent variables on the response. The regression equation was solved using Design Expert ® Software version 6.0.4. The statistical significance of the second order model equation was determined by a significant F -value and an insignificant lack-of fit F-value. The fit of the model was evaluated by the determination of R 2 and adjusted R 2 coefficient.
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Experiment
Variables (in coded value)
Result and Discussion
Central Composite Design (CCD)
Based on the identification of variables by the screening factor using 2-level factorial design, followed by using CCD for optimization significant variables that affect to chitinase production. A CCD matrix was developed mathematical correlation model between significant variables for chitinase production by T. virens under solid state fermentation. With CCD, different combination of temperature, incubation time and moisture substrate are being experimented. To guard against systematic trends in uncontrollable variables, experimental run was randomized during the execution of the designed model [19] .
Model Development
The data obtained was found to best fit the second-order polynomial compared to other polynomial models. Responses obtained from experiments were analyzed using analysis of variance (ANOVA). The regression equation obtained is as in equation 2 regardless of their significance. The generated equation is a second-order polynomial. 
Where Y represent chitinase activity (U/g) while A, B, and C represents incubation time, temperature and moisture substrate respectively. This regression model was generated by Design Expert ® Software, after considering all the variables. It consists of 1 offset term, 3 linear terms, 3 quadratic terms and 3 interactions. The predicted levels of chitinase production obtained from chitinase activity of T. virens at each experimental point using equation 2 are shown in Table 3 along with experimental data.
Analysis of varians (ANOVA) for this model is presented in Table 4 . The significant level for regression model was tested. It was found that the P-value obtained was 0.0001, which is much smaller compared to the desired significant level of p = 0.05. This indicates that the regression model was accurate in predicting pattern of significance for the chitinase production from T. virens. Regression coefficient R 2 value of 0.9994, suggest model adequacy and shows that the model is workable and can be accepted. The R 2 value of 0.9994 was in good agreement with the adjusted R 2 value of 0.9989 the optimal levels of variables were determined by constructing three dimensional surface plots according to the equations. The plots represent interaction of two variables while keeping others constant. The three dimensional surface plots of important variables have been elucidated. Contour plot and response surface plot (Figure 1 to 3) were generated based on equation 2. Table 3 . Regression analysis (ANOVA) for the production of chitinase by CCD 
Source
Sum of squares
Degree of freedom
Response Surface Plot
Response surface methodology can be described as graphical representation of equations from data analysis. RSM allow calculation of maximum production based on a few sets of experiments, in which all factors were varied in a close range. It is a concise way of describing the behaveior of a system of variables. RSM is very useful in evaluating the significance of several factors especially that involves complex interactions. Complexity increases with number of variables [19] . Contour plot and response surface plot (Figure 1 to 3) were generated based on equation 2. The plot represent interaction of two variables while keeping other two constant. Figure 1 shows the effect of incubation time and temperature with moisture substrate kept as constant at the center point values. Chitinase activity increased proportionally with increase in temperature from 20 0 C -30 0 C. Temperature is one of the physical variables affecting SSF performance. Generally, the fungi can grow over a wide range of temperature from 20 0 C -55 0 C and the optimum temperature for growth could be different from that for product formation [15] . Suresh and Chandrasekaran (1998) reported that significant chitinase yield was obtained between the ranges of 22 0 C to 32 0 C. Namphootiri et al [7] reported that Trichoderma harzianum exhibited a better growth as well as chitinase production at 30 0 C.
It is a known phenomenon that increasing the temperature accelerates endothermic reactions. This is also true for chitinase production of chitinase waste material (Fereira et al., 2009 ). This positive influence by the temperature is, however reversed at much higher temperatures at which the enzyme is heat-denatured (Cheison et al., 2010) The present results would be applicable in the evaluated range of variables and in order to evaluate the product yield out of the range, further experimentation is required. Although incubation time has positive effect on chitinase production, its effect was neglible compared to temperature. The variation in the incubation time required for maximal chitinase production with the type of inoculum could be attributed to difference in the physiological conditions of the inoculum which consequently influenced the rate of growth and product formation of the fungus during SSF [15] . The growth rate of fungi and chitinase production pattern were generally dependent on the duration of incubation. The chitinase production start approximately from 20 to 40 hours during the exponential phase of growth [6] . The extended incubation time required for maximal chitinase production with shrimp waste maybe accounted for by its comparatively nutritionally inert and complex nature. [12] . Very high or very low levels of moisture substrate can reduce the chitinase production. The chitinase yield was lower when the substrate moisture was higher or lower than this level [2] . Here it was found that chitinase production increased as moisture content increased from 40% to 55%. However, above 55% of moisture, there was steady decline in chitinase activity. The decrease in the chitinase activity with an increase in moisture might be attributed to the phenomenon of flooding of inter particle space of the substrate, which causes decreased porosity and lower oxygen transfer. Similarly, a moisture level lower than optimum leads to higher water tension. A lower degree of swelling, and the reduced solubility of nutrients of the solid substrate [6] . When water is made available in a lower or higher quantity than what is optimally required, the productivity of the process is significantly affected. Moisture optimization can be used to regulate and to modify the metabolic activity of the microorganism [12] .
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Green Materials and Technology The effect of temperature and moisture substrate on chitinase production are shown in Fig. 3 . The chitinase production was plotted as a function of temperature and moisture substrate, where both temperature and moisture substrate exerted a quadratic effect on chitinase production. The quadratic effect of moisture substrate was significant in comparison to effect of temperature. The incubation time was kept constant at the central point. For both the variables the chitinase production increase in a certain range and then falls at the extreme low or high levels. Moisture substrate in the range of 45% -55% can be expected to give a good chitinase production.
In general, each organism has its own requirement of special conditions for maximum enzyme production. Optimization by a conventional one-at-a-time approach leads to a substantial increase in enzyme production. However, this approach is not only cumbersome and time consuming, but also has the limitation of ignoring the importance of interaction of various physiological parameters.
The statistical approach using RSM for process optimization serves the purpose by finding out the optimal condition in any given system by a set of independent variables over a specific region of interest by establishing the relation between more than one variable and a given response [8] .
Optimization and Validation of the Models
Optimization of chitinase production in fermentation technology through statistical analysis of factorial design and response surface methodology (RSM) is common practice nowadays [19] . This technique has applied for the enhancement and optimization of culture conditions and medium component for various fermentation processes
The availability of the regression model (Eq. (2)) of the chitinase production by T. virens was tested using the calculated optimal culture composition, viz incubation time 6 days, temperature 27.82 0 C and moisture substrate 54.09%. The obtained value of the chitinase production was 0.48738 U/g IDS, which agreed with the predicted value (0.48864 U/g IDS) well, which was 1.2 fold higher than that of the 2-level factorial design (0.261 U/gds). Meanwhile, T. virens grows better in the statistically optimized conditions and the experimental result nearly similar to the predicted value which indicated the proficiency of the model for optimizing chitinase activity. Adequacy of the model is important to check to ensure that it provides maximum approximation on the relation ship between factors and response. The residuals are an importanttool for judging the model adequacy [9] . Plotting the normal probability plot of residual can checked by normal probability (Figure 4 ). The normality assumption is satisfactory as normal residuals fall along a straight line. Plot of residuals versus the predicted response is shown in Figure 5 . The residual plot indicates good prediction of maximum response along with constant variance and adequacy of the quadratic models because the model randomly distributed without any trends [9] . 
Summary
Central composite design (CCD) is useful in determining and predicting the optimum level of a composition that gives significant influence for chitinase production. A fitted model shows suitable predition response that indicates improvement of a model. From the study, it was proven that moisture substrate in enhancement of chitinase activity. Increasing incubation time would help to increase chitinase activity. On the other hand, low temperature and high temperature can gave a bad effec towards chitinase activity.
